uveitis are associated with histocompatibility leucocyte antigens (HIA) -for instance, acute anterior uveitis with HIA B27 and birdshot chorioretinopathy with HLA A29. 4 The reason why these HLA types increase the relative risk for uveitis is unclear but in the case of HLA B27 infections with Gram negative bacteria might be an influence.5 Autoimmune mechanisms are also thought to participate in the pathogenesis of uveitis since the eye harbours autoimmune inducing or uveitogenic material such as retinal S-antigen and interphotoreceptor retinoid binding protein. 4 After immunisation with adjuvants these antigens induce ocular inflammation in several species. Infectious diseases might indirectly play a role in autoimmune uveitis by triggering the immune response against autoantigens.4 Furthermore, infectious diseases are able to induce directly intraocular inflammation.6 The retina consists of neural tissue, making it particularly prone to infection with neurotropic organisms such as Toxoplasma gondii and herpesviruses. Other infectious diseases that can induce uveitis are tuberculosis, syphilis, and Lyme borreliosis. In some forms of infectious uveitis -for example, ocular toxoplasmosis, autoimmune mechanisms are thought to participate in the ocular manifestations of the disease.7-9 Discrimination between the infectious or non-infectious aetiology of uveitis is important since the treatment is different. Immunosuppressive therapy is often essential but it might be deleterious in direct infectious uveitis entities without specific antimicrobial treatment. In various infectious ocular diseases, such as ocular toxoplasmosis or acute retinal necrosis, there are no signs of a systemic infection. Investigation of serum antibody titres therefore gives little if any information about the aetiology of the uveitis. 10 Instead of looking in the general circulation, it might be more informative to analyse samples obtained at the site of inflammation. For more than a century the aqueous humour of patients with uveitis has been analysed for the presence of infectious agents.'2 The first studies of aqueous humour included analysis of cytopathological and bacteriological investigation of the aqueous humour of patients with uveitis or endophthalmitis but the results of the studies were not conclusive. [12] [13] [14] In 1943, Amsler and Verrey'3 reported phagocytosis of bacilli and cocci by cells in the anterior chamber in 20% of patients with uveitis, which was in contrast with the results of other studies in which bacterial agents were only occasionally detected in the aqueous humour.1315 Micro-organisms were only sporadically cultured from the aqueous humour but in positive cases contamination could not be excluded with certainty.
A new approach for the detection of infectious agents in uveitis is the analysis of ocular fluids by the polymerase chain reaction (PCR) . In this technique the DNA of infectious agents can be amplified and detected. The advantages over viral cultures are an increased sensitivity and rapidly available results.
Cytological studies of aqueous humour and vitreous fluid revealed that lymphocytes were the most common inflammatory cells in infectious as well as non-infectious uveitis, whereby the number of T lymphocytes exceeded that of B lymphocytes. [16] [17] [18] In vitreous fluid, the majority of the T cells were CD4 +.18 In infectious uveitis the number of neutrophils and macrophages were more pronounced than in uveitis without an infectious aetiology.'8
The humoral immune response in ocular fluids against several infectious agents has been investigated more extensively. Detection of specific antibodies in ocular fluids may give an indirect indication of the micro-organisms responsible for the intraocular inflammation and may thus confirm a suspected clinical diagnosis. However, antibodies in the eye during uveitis can be derived from two sources: blood by disruption of the blood-aqueous barrier or intraocular B cells. Goldmann and Witmer reported a method to calculate whether specific antibodies present in aqueous humour during uveitis were produced locally.'9 For this study they used two models: leptospirosis in horses and experimental ocular tuberculosis in rabbits. The titres of specific antibodies in aqueous humour and 46 In both studies the same primers against the ecoRI-D fragment of the VZV genome were used. In one of these studies the PCR results were compared with the local antibody production. One aqueous humour sample obtained within 1 week after the onset of the disease was positive for HSV DNA, but the coefficient of HSV was negative. The coefficient for VZV was positive in four vitreous fluid samples obtained later than 3 weeks after the onset of the disease and after treatment with acyclovir, but VZV DNA could only be detected by PCR in one of these samples.45 Control samples in both studies were negative for VZV and HSV DNA with PCR. As mentioned above, local antibody production against HSV has been detected in patients with anterior uveitis or keratouveitis.20 36 Denis5" investigated 62 samples of patients with keratitis or uveitis. Thirty patients were clinically recognised as having a herpes infection and two thirds of them had local antibody production against HSV. The majority of these patients had keratitis. In this study, the duration of the infection was of no great importance for the laboratory results but in these series there was chronic inflammation of the cornea.51 Cytomegalovirus Cytomegalovirus (CMV) is a frequent cause of retinitis in immunocompromised hosts, especially in patients with AIDS or transplant recipients. Except for congenital infections, only a few cases of retinitis caused by CMV have been reported in immunocompetent patients.52 53 We investigated ocular fluid samples of 261 non-immunocompromised patients for local antibody production against CMV. In six cases a positive coefficient for CMV (2-3%) was observed and four of these cases exhibited a double coefficient. The diagnosis of these four patients were keratouveitis and chronic anterior uveitis with a double positive coefficient for CMV and VZV, ocular toxoplasmosis with a double positive coefficient for Toxoplasma and CMV, and panuveitis of unknown origin with multiple positive coefficients for CMV, Toxoplasma, and HSV. The two other positive coefficients for CMV were observed in vitreous fluid of a patient with intermediate uveitis and in aqueous humour of a patient with panuveitis after cataract extraction.
CMV has been isolated from ocular fluids of patients with AIDS and with retinitis.54 55 In our laboratory, local antibody production against CMV in aqueous humour of patients with AIDS and retinitis was detected in 26% of the cases.2' 29 In a later study, we experienced that coefficients are most often negative in patients with AIDS despite the presence of CMV DNA in these samples detected by PCR (an article on this study is currently being prepared). Abnormalities in the humoral immune response have been described in patients with AIDS, and specific antibodies might be undetectable despite a pathologically proved infection.56 The explanation for the discrepancy in serological results between our studies might be that the patients in the second study were Recently, a new infectious uveitis entity has been described that appears to be associated with human T cell lymphotropic virus type 1 (HTLV-1).76 This virus is associated with adult T cell leukaemia or lymphoma and tropical spastic paraparesis. HTLV-1 DNA had been detected by PCR in 12 aqueous humour samples in Japanese patients with idiopathic uveitis.77 Local antibody production against HTLV-1 in ocular fluids has not been reported.
It has been suggested that parvo B 19 virus and adenoviruses play a role in the pathogenesis of intermediate uveitis. Infections with these viruses are common in the community. Parvo B19 virus is associated with erythema infectiosum or fifth disease and adenoviruses cause infections of the respiratory tract and epidemic keratoconjunctivitis. Witmer observed local antibody production against adenovirus in two patients with iritis and chronic cyclitis, respectively.36 We investigated serum aqueous humour or vitreous fluid of patients with intermediate uveitis for the presence of specific antibodies against adenovirus and parvovirus (n=8 and n=6, respectively). All these patients had positive serum titres against these viruses, but no local antibody production was observed. were investigated for the presence of anti-borrelia antibodies. Samples were tested by an immunofluorescence assay (Progen Biotechnik, Heidelberg, Germany). In most of the ocular fluid samples no specific antibodies against Borrelia were detectable. Twelve ocular fluid and serum samples were positive for specific antibodies, but in 11 cases the coefficient was negative and none of the patients fulfilled the diagnostic criteria for Lyme borreliosis. One coefficient in vitreous fluid was just above the cutoff level. However, this patient had no systemic evidence of Lyme borreliosis and, as a result false positivity of the coefficient cannot be excluded in this case.
Treponema pallidum Syphilis is a venereal multisystem disease caused by an infection with Treponema pallidum. Ophthalmic manifestations of syphilis are numerous and usually associated with the secondary stage of the disease.83 84 Treponemas have been detected in aqueous humour of patients with uveitis in secondary syphilis. 85 Touboul et al investigated paired serum and aqueous humour samples of three patients with syphilitic uveitis in the fluorescent treponemal antibody absorption test (FTA). In one case the coefficient was 5-2, in the other two cases it was just under 3. In one of the latter cases the antibody titre declined in a second aqueous humour obtained after In contrast with herpesviruses and Toxoplasma, local antibody production against bacterial agents, except for antibodies against Treponema pallidum,86 was generally negative.20 36 One explanation might be that bacterial agents are not a frequent cause of uveitis. Another possibility is that in the event of a systemic bacterial infection ocular inflammation is caused by a secondary autoimmune reaction rather than an intraocular penetration of bacteria. However, the presence of spirochaetes in aqueous humour has been observed in patients with syphilis and uveitis.85 Recently, Leptospira DNA was detected by PCR in aqueous humour of a patient with uveitis, while the acute systemic infection with Leptospira had occurred 9 years previously.88 Negative serology against bacterial agents in ocular fluids may also be caused by the use of inappropriate or insensitive assays. In future, the use of more accurate and sensitive assays may result in the detection of local antibody production against bacterial agents in ocular fluids.
Many questions still remain concerning the pathogenesis of the disease, specifically the involvement of autoimmune mechanisms in microbe induced uveitis. It is the general opinion that uveitis is a T cell mediated disease and T cells are the most common infiltrating cells in ocular fluids during inflammation.15-1789 Therefore, T cells in the eye should be further characterised and tested for their antigen specificity. These studies might provide an answer to the question whether autoimmune mechanisms participate at a late stage of microbe induced uveitis and may lead to new therapeutic strategies.
In some of the studies reviewed here, the detection of local antibody production was in contrast with the 
